Background
Evidence of a global epidemic of obesity is now emerging, which poses a great threat due to serious obesity-related health consequences: particularly, type II diabetes and cardiovascular diseases. 1 Identification of the determinants of obesity is therefore warranted. The number of women in the labor force has increased steadily in the last decades; 2 but few studies have evaluated women's work conditions from an occupational health point of view. According to Karasek's Demand/Control Model, 3 workload, defined as high job demands, combined with a low job influence, may be experienced as job strain for the individual. In Karasek's Demand/Control Model, four different kinds of psychological work experiences were generated by high or low job demands combined with high or low job control (decision latitude), and were divided into four job categories: high strain jobs, low strain jobs, active jobs, and passive jobs. See Karasek's Demand/Control Model below.
According to Karasek and Theorell, 3 people having high job demands and low job control may have a risk of mental job strain, eventually leading to fatigue, depression, sleeping problems, burn-out, medicine abuse, or other physical illness. Active jobs with both high demands and high control are seen as stimulating jobs without negative psychological affects or health risks. A passive job, on the other hand, does not give individuals the possibility of using their skills, and may lead to psychological strain and diseases. 3 High psychological workload may induce overeatingFthe so-called 'stress-induced eating' 4 Fand lead to cardiovascular diseases. 5, 6 We recently reviewed the literature on psychological workload, and its associations to obesity, and found that only a few studies, all cross-sectional, dealt with this issue. 7 Results from these studies were inconsistent for body mass index (BMI), but showed consistent positive associations between workload and waist-to-hip ratio (WHR) .
No prospective studies, however, have examined the possible associations between psychological workload and subsequent changes in body weight. Hence, the purpose of the present prospective cohort study was to examine associations between psychological workload and subsequent changes in body weight among female Danish nurses.
We hypothesized that psychological workload, defined specifically for nurses as being busy in their jobs or having low job influence, would result in greater weight gain than would be found among nurses with low job demands and high influence in their work situation.
Material
The study was based on observational data from the study on 'Prevention of osteoporosis and atherosclerosis in Danish nurses'. 8 In 1993, a detailed questionnaire on lifestyle, health, socioeconomic factors, occupational status, work conditions, and body weight/height was sent to all female Danish nurses who were more than 44 y old and members of the Danish Nurses' Association (n ¼ 23 170). In total, 19 898 (response rate 86%) returned the questionnaire. A similar questionnaire was sent to the same cohort in 1999. Questions on job demands and job control were repeated. The present study is based on responses of 6704 nurses. Altogether, 15 322 nurses participated in both questionnaires. Of these, 12 397 nurses were below retirement age (65 y) and were active in their jobs in 1993. A total of 10 263 nurses participated again in 1999. The number of nurses who were job-active in both 1993 and 1999 was 6822. Nurses who did not report data on body weight and height (n ¼ 118) were excluded. The final study population was 6704 nurses. All 
Methods

Main exposure variables
Information on psychological workload exposure was obtained by questionnaires in 1993.
The definition of job characteristics was based on responses to the following three questions:
Busy in job: (1) Do you have so much to do at work that you find it difficult to find time to manage your own work? Answers were categorized into five levels: never; not often; sometimes; often; and almost always busy.
Job speed: (2) What is the work pressure/work speed like at your work? Answers were categorized into five levels: much too high; a little too high; suitable; a little too low; and much too low.
Job influence: (3) Normally, how big is your influence on the organization of your daily work?
Answers were categorized into four levels: major influence; a certain influence; minor influence; and no influence.
The nurses were employed at both baseline and at followup. The nurses were not pregnant or absence from work neither in 1993 nor in 1999, when answering the questionnaire. We do not have data telling about pregnancy or absence from work in between.
Outcome measures
Information on changes in body weight was obtained from questionnaires in 1993 and in 1999. The difference in selfreported body weight between 1999 and 1993 was calculated and measured in kilograms and included as a continuous variable in the analyses.
The list of covariates measured in 1993 was the same covariates available in 1999 and are described in the next section.
Potential confounders
We used information on the following potential confounders from the questionnaires both in 1993 and in 1999: BMI and age were analyzed continuously. Other variables included as categorical variables were: marital status as single or not single; smoking (never-ex-1-14 g/dayF15-24F425 g/day); working hours (average of working hours more or less than 37 h); physical activity in job (sedentary-standing/walking-lifting/ carrying-strenuous); physical activity in leisure time (competitive sport-heavy exercise at least 4 h/week-light exercise at least 4 h/week-sedentary); alcohol intake specified in units of 12 g (unit/weeko1, 1runits/weeko7, 7runits/weeko14, units/week Z14); shift working (day-evening-night-rotate); nature of work (bedside or administrative); and menopause (premenopausal-postmenopausal).
Statistics
Descriptive statistics were used to describe characteristics of Danish nurses according to busyness in job, job speed, and job influence. One-way analyses of variance were used to assess mean age and mean BMI. w 2 -tests were performed to test the differences between the proportions in Table 1 . Oneway analyses of variance were performed on weight gain comparing five levels of busyness and job speed, and four levels of job influence.
We reported means with 95 % confidence intervals. Multiple linear analyses were used to assess the independent effects of job demands and job influence, including control for confounders. If a test for linearity of weight change according to the exposure was accepted, then a trend test was performed.
Analyses in Table 3 were performed in three steps. The first step examined the crude (unadjusted analysis) associations between body-weight change and busyness in job, job speed, and job influence. The second step included covariate adjustment for the following workload variables measured in 1993: busyness in job; job speed; influence in job; BMI baseline; age; marital status; smoking; alcohol; physical activity in job or physical activity in leisure time; and menopause. The third step included adjustment for the same covariates measured in 1999.
Statistical analyses were carried out using SPSS version 11.0. Table 1a , shows characteristics of Danish nurses according to five degrees of busyness in job. Nurses who reported being often busy or almost always busy were younger as compared to nurses who were never or not often busy. Nurses who reported being almost always busy had higher BMI compared to other nurses. Table 1b, shows characteristics by different degrees of job speed. Job speed was associated with BMI. Nurses who reported much too low job speed were younger than nurses who reported higher job speed. Table 1c , shows characteristics by different degrees of job influence. Nurses who reported minor or no influence in job had lower BMI than nurses who reported major or a certain job influence. Nurses who reported major influence in job had more administrative responsibilities.
Results
Job characteristics in 1993
Figure 2a-c, shows mean weight gain from 1993 to 1999 by levels of busyness in job, job speed, and job influence, respectively.
Job busyness
There was an apparent significant U-shaped curve for weight gain according to busyness; and a test for linearity of weight changes according to busyness in job showed a significant deviation from linearity (P ¼ 0.006). Nurses who reported Psychological workload associated with weight gain D Overgaard et al being never busy in job and nurses who reported being almost always busy in job had greater weight gain as compared to nurses who reported being sometimes busy. Weight changes were similar for nurses who reported being not often busy and nurses who reported being sometimes busy. Nurses who were often busy had a higher weight gain than those who were only sometimes busy. Adjustment for covariates in 1993 did not change the association between busyness in job and weight changes substantially.
Job speed
A test for linearity of weight gain according to job speed showed no deviation from linearity (P ¼ 0.85). There was a significant trend test for the crude analyses (P ¼ 0.02), showing that nurses who reported much too high job speed increased their weight more than nurses who reported too low job speed. The weight gain among nurses who reported much too high job speed (2.9 kg) was significantly higher than that for nurses who reported suitable job speed (2.6 kg).
There was no difference in weight gain between nurses who reported too little or a little too low job speed and those having a suitable job speed. After adjustment for covariates, associations between job speed and weight gain became insignificant (P ¼ 0.70).
Job influence
A test for linearity of weight changes according to job influence showed a significant deviation from linearity (P ¼ 0.02). Compared to nurses who reported major influence (2.7 kg), those having minor or no influence had greater weight gains: 3.1 and 4.1 kg (P ¼ 0.033, 0.002), respectively. Nurses who reported a certain influence did not have a significantly greater weight gain than nurses with major influence. For low job influence, there was an overall inverse association with weight gain (P ¼ 0.003). Results were essentially similar before and after adjustment for covariates. Table 2 shows the mean 6-y weight gain, between 1993 and 1999, by five levels of busyness in job, and four levels of influence in job, in 1993.
For nurses who reported major influence, weight gain was greater for those who were almost always busy 3.3 kg (P ¼ 0.002), or never busy 3.9 kg (P ¼ 0.03) compared to Similarly, weight gain did not vary with levels of influence for those nurses who were almost always busy (P ¼ 0.26), or those who were never busy (P ¼ 0.77). For the last three analyses, all trend tests showed P40.64. Table 3 shows 6-y weight changes according to changes in busyness in job, job speed, and influence in job, from 1993 to 1999. Both crude analysis and adjusted analysis in 1993, and adjusted analyses in 1999, were done. Adjustment was made for covariates including the composite workload variables of busyness in job, job speed, and influence in job. BMI at baseline, age, cohabitation (single), smoking, alcohol intake, and physical activity in job and in leisure time were also included. Tests for linearity, tests for differences between groups, and tests for trends were performed. For age, we found no significant interactions between weight changes and workload characteristics.
Busyness in job.
Nurses who reported being often/almost always busy in 1993, and remained often/almost always busy in 1999, had a mean weight gain of 3.0 kg (P ¼ 0.001). The weight gain for those nurses who reported being never/not often busy (P ¼ 0.60), or sometimes busy (Po0.001), in 1993 and in 1999 was smaller. These nurses gained only 2.6 or 2.5 kg in weight. The difference between nurses who reported being often/almost always busy in job and never/ not often busy was 3.0-2.6 kg (P ¼ 0.07). For the adjusted analysis in 1993 and in 1999, a similar pattern appeared. Weight gain was generally a little smaller in 1999.
There was a tendency for nurses who remained never/not often busy in both 1993 and 1999 to gain less weight than nurses who increased in busyness in 1999 (2.6 vs 3.2 kg, P ¼ 0.11). This tendency was found again in the adjusted analysis in both 1993 and 1999, but results were still not significant (P ¼ 0.26 and 0.48, respectively).
Among the nurses who were often/almost always busy in 1993, those who stopped being busy between 1993 and 1999 gained less weight (3.0 vs 2.4 kg; P ¼ 0.04). This difference remained borderline-significant after adjustment for covariates in 1993 (P ¼ 0.07), and was significant in 1999 (P ¼ 0.03).
A significant difference was found for crude analyses where nurses who remained stable in job, at level 'sometimes busy', gained less weight than nurses who were almost always busy. The difference disappears after adjustment for covariates in both 1993 and 1999.
Job speed. There was no difference in weight gain for nurses who remained at either much too high, a little too high, or suitable job speed in both 1993 and 1999 (P ¼ 0.24).
Furthermore, there was no difference in weight gain between nurses who maintained suitable job speed and those who attained much too high speed in 1999 (2.7 vs 2.9 kg; P ¼ 0.83). Weight gain was also similar for those nurses who remained at much too high job speed as compared to those who attained suitable job speed in 1999 (P ¼ 0.59).
No difference was found for weight change among nurses remaining stable in job speed in either crude or adjusted analyses.
Influence in job. Among nurses who remained at the same level of influence in job between 1993 and 1999, those remaining at minor/no influence in job had a greater weight gain than those with a major or a certain influence (P ¼ 0.001; Po0.001).
Nurses who remained at minor/no influence gained more weight than nurses who attained a certain influence in 1999 (3.7 vs 2.8 kg; P ¼ 0.02). However, weight gain was similar for nurses who remained at minor influence in 1993 and 1999, and those who attained major influence in 1999 (P ¼ 0.85).
There was no difference in weight gain between nurses who remained at major influence in both 1993 and 1999, and those who lost influence in 1999 (2.8 vs 2.4 kg; P ¼ 0.20). Psychological workload associated with weight gain D Overgaard et al 
Adjustment made for covariates included the composite workload variable of busyness-job speed and influence in jobFand BMI baseline, age, cohabitation (single), smoking, alcohol intake, and physical activity in job and in leisure time. Number of nurses is in brackets. Mean weight gain is given in kg with standard deviation (s.d.). NS ¼ nonsignificant P-values. Nurses remaining stable in job at the same level at both examinations in 1993 and again in 1999 are presented in italic. At each level of different degree in job adjusted analyses in 1999 are presented in bold.
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For the adjusted analysis in 1993 and 1999, a similar pattern appeared. A significant difference in weight gain was found for nurses remaining stable with minor/no job influence. These nurses had a greater weight gain than those with a certain influence, or minor or no influence in job, in both crude and adjusted analyses. Table 4 shows results from the multivariate analyses, where mean differences in weight gain (in kg) between levels of one workload variable are estimated after adjustment for the other workload variables and other covariates.
In the multivariate analyses, independent of both speed and influence in job, nurses who reported being never busy gained significant weight: on average, 1.1 kg more than nurses who reported being sometimes busy (P ¼ 0.05). Nurses who were almost always busy also gained more in weight (0.7 kg) than nurses who were sometimes busy (P ¼ 0.01), indicating an U-shaped relationship between busyness and subsequent weight gain. Differences in mean weight gain by job influence remained significant in multivariate analyses, as well. Independent of busyness and job speed, nurses with no job influence gained 1.3 kg more than nurses with major influence P ¼ 0.007).
Discussion
This is the first prospective study that examines associations between psychological job characteristics and subsequent body-weight changes. The study showed that nurses who reported either the highest level of job demands combined with lowest job control, or the lowest level of job demands and highest job control gained significantly more weight over the 6-y period, than nurses who reported medium psychological workload. A significant, U-shaped association was also identified for relations between busyness in job and body-weight changes.
Only one previous study 9 has examined the associations between changes in BMI and simultaneous changes in psychological workload. This study did not show consistent associations.
When we compared weight changes among nurses who increased their busyness in job to nurses who remained stable over the 6-y period, those who increased their workload gained the most weight. In contrast, nurses who became less busy had a smaller increase in weight than those who remained stable. These findings indicate that busyness in job may be a risk factor of obesity not previously recognized.
Nurses who reported suitable job speed in both 1993 and 1999 had the lowest weight gain, whereas nurses who increased their job speed gained more weight. Nurses who reported much too high job speed in 1993, and then changed to suitable job speed in 1999 lost weight.
Nurses who had major job influence in 1993 and then lost influence in 1999 had less weight gain. Nurses who changed from minor/no influence in 1993, to suitable job influence in 1999, lost weight.
Altogether 296 nurses had high job strain (see Table 2 ) implying that around 4% among these nurses could have a relevant weight gain related to job strain. In all, 101 nurses were not often/never busy but had no or minor influence in their job comprising 2% of all nurses, who together with 45 nurses reported low job strain (never busy with major influence in job) which could also be a risk factor of weight gain.
It is possible that 'low strain job' defined as a combination of low job demands and high job influence cause psychological stress. This situation is hardly a situation of relaxation, but due to inactivity or lack of challenge in the job, 3 and that might induce boredom-related eating 4 and thereby lead to a higher risk of illness 5, 6 indicated by gaining weight.
Another possible explanation for the U-shaped association between psychological workload and obesity has been proposed by Greeno and Wing. 4 She found that high job strain may increase eating, the so-called 'stress-induced eating', a phenomenon that Greeno and others 4,10,11 have found to be more prevalent in women. The literature has emphasized that perceived stress could be associated with unhealthy eating habits. 5, 6, 12, 13 Working conditions that do not allow regular eating breaks could influence nurses' eating habits. This could result in the busiest nurses losing weight due to lack of eating time. Alternately, nurses might eat more unhealthy food too quickly due to stress. These explanations have been supported by a number of studies [14] [15] [16] indicating that certain professionals, including nurses and schoolteachers, react to stress by changing their food intake: either by 'overeating' or 17 has found that men exposed to environmental stress increase their visceral fat depots. Accumulation of visceral fat by the endocrine hormonal system, brought on by environmental stress, is a biological risk factor for abdominal obesity, which is the most malignant type of obesity and an important risk factor associated with hypertension, type II diabetes and cardiovascular disease. Endocrine abnormalities in abdominal obesity may be derived from increased sensitivity of the hypothalamus as indicated by elevated cortisol secretion, which has been found in people feeling stressed. Such disturbances are similar to those seen after prolonged exposure to environmental stress. 17, 18 Recently, it has been suggested that visceral obesity could represent a nonoptimal physiological adaptation to stress by biological factors. 19 Björntorp emphasized that for some individuals a specific genetic background may exacerbate visceral fat accumulation. 18 Further research on the association between genetic predisposition to obesity and environmental factors is needed.
One major strength of the present cohort study is the size of the cohort and the fact that participants were from a similar occupational group.
Furthermore, this study used prospective data to examine associations between psychological workload and bodyweight changes. All previous studies have examined crosssectional associations between psychological workload and high BMI. 7 One of the limitations of this study is that all information on workload, height, and weight was based on self-reports. It is also possible that under-reporting of body weight may have influenced the associations in the present study by weakening the results. Obese women, seem to under-report their body weight more than normal weight women, 20, 21 which may also have been the case among the nurses in this study. Unfortunately, we have no exact knowledge of this. If true, the real differences in this study are greater than found.
Furthermore, nurses may differ from other women in how they answer questions on health. It may not be possible, therefore, to generalize these results to other women. 22, 23 Physical activity may be an important variable related to obesity. 24 We analyzed for both physical activity in job and physical activity in leisure time, however, and results showed that physical activity was a weak confounder, indicating no modifying effect. The lack of adjustment for changes in job conditions over the period, for instance, from full-time to part-time, or vice versa, or women who had taken a leave of absence, and the lack of variables on eating habits as covariates are study limitations.
Pre-existing and developing medical conditions during the period of follow-up like type II diabetes, cardiovascular diseases, or cancer are factors associated with body weight changes. In this study it was not possible to take these rather important factors into consideration. A limitation in this study that should be avoided in future studies.
In the multivariate analyses, our findings showed that busyness and influence in job were important determinants for weight gain independent of job speed and other covariates. Although the variable 'busyness in job' is probably a more objective measure of workload 3 (as quantified by the number of hours of work) than the variable 'influence in job', which is more subjective, the experience of job influence might be a more appropriate measure, and might relate to health outcomes more strongly than an objective measure of influence.
Obesity is increasing rapidly all over the world. It is important, therefore, to identify the determinants for obesity. Psychological workload may influence weight gain in a fraction of subjects. If the results from our study can be generalized to other occupations, and to men, they may have implications for a wider population.
Conclusion
In this large cohort study of Danish nurses, psychological job characteristics were found to be associated with 6-y weight gain for nurses 45-65 y of age. Both high busyness combined with low influence in job and low busyness with high influence in job were found to increase in body-weight gain, after 6 y. Both job busyness and job influence were independent risk factors for weight gain. Psychological, hormonal, and or other mechanisms may explain the relationships between job attributes and excess weight gain.
Nurses who remained stable at the same level of job both in 1993 and 1999 gained less weight. The results of the present study should be considered when discussing the worldwide increase in obesity.
Further research about pre-existing or developing of medical condition as risk factors to weight gain is needed.
